Differential surface expression and phosphorylation of the N-methyl-D-aspartate receptor subunits NR1 and NR2 in cultured hippocampal neurons.
The trafficking and phosphorylation of the NR1 and NR2 subunits of the N-methyl-D-aspartate-type glutamate receptor complex were studied in cultured rat hippocampal neurons. Surface expression was examined by modifying surface receptors via treatment of intact neurons with either the protease chymotrypsin or the cross-linking reagent bis(sulfosuccinimidyl)suberate, followed by quantification of anti-NR1 and anti-NR2B Western blot immunostaining. These studies revealed that only 40-50% of total NR1 immunoreactivity is found at the cell surface, as compared to more than 90% of total NR2B immunoreactivity. Metabolic labeling of the cultures with 32P revealed that NR2 subunits are highly phosphorylated under basal conditions, whereas basal phosphorylation of NR1 subunits is barely detectable. Following stimulation of the cultures with glutamate/glycine or phorbol esters, NR1 phosphorylation was found to be enhanced by 3-5-fold, whereas phosphorylation of NR2 subunits was enhanced by less than 2-fold. To determine whether the difference in the basal NR1 versus NR2 phosphorylation could be due to tyrosine phosphorylation of NR2, phosphoamino acid analyses of NR2 were performed. These analyses revealed phosphorylation on serine but not on threonine or tyrosine; immunoprecipitation and deglycosylation experiments using anti-phosphotyrosine antibodies confirmed that NR2 subunits in the primary hippocampal cultures are not detectably phosphorylated on tyrosine residues. These results demonstrate that the NR1 and NR2 subunits, which assemble into heteromeric complexes to form functional N-methyl-D-aspartate receptors, are trafficked in neurons with differential efficiency to the plasma membrane and exhibit different levels of basal versus stimulated serine phosphorylation.